
 

Gas chromatography 
 

Gas chromatography (GC), is a common type of chromatography used in analytical 
chemistry for separating and analyzing compounds that can be vaporized withoutdecomposition. 
Typical uses of GC include testing the purity of a particular substance, or separating the different 
components of a mixture (the relative amounts of such components can also be determined). In 
some situations, GC may help in identifying a compound. In preparative chromatography, GC can be 
used to prepare pure compounds from a mixture.[1][2] 

In gas chromatography, the mobile phase (or "moving phase") is a carrier gas, usually an inert gas 
such as helium or an unreactive gas such as nitrogen. Thestationary phase is a microscopic layer 
of liquid or polymer on an inert solid support, inside a piece of glass or metal tubing called a column 
(a homage to thefractionating column used in distillation). The instrument used to perform gas 
chromatography is called a gas chromatograph (or "aerograph", "gas separator"). 

The gaseous compounds being analyzed interact with the walls of the column, which is coated with a 
stationary phase. This causes each compound to elute at a different time, known as the retention 
time of the compound. The comparison of retention times is what gives GC its analytical usefulness. 

Gas chromatography is in principle similar to column chromatography (as well as other forms of 
chromatography, such as HPLC, TLC), but has several notable differences. First, the process of 
separating the compounds in a mixture is carried out between a liquid stationary phase and a gas 
mobile phase, whereas in column chromatography the stationary phase is a solid and the mobile 
phase is a liquid. (Hence the full name of the procedure is "Gas–liquid chromatography", referring to 
the mobile and stationary phases, respectively.) Second, the column through which the gas phase 
passes is located in an oven where the temperature of the gas can be controlled, whereas column 
chromatography (typically) has no such temperature control. Finally, the concentration of a 
compound in the gas phase is solely afunction of the vapor pressure of the gas.[1] 

Gas chromatography is also similar to fractional distillation, since both processes separate the 
components of a mixture primarily based on boiling point (or vapor pressure) differences. However, 
fractional distillation is typically used to separate components of a mixture on a large scale, whereas 
GC can be used on a much smaller scale (i.e. microscale).[1] 

A gas chromatograph is a chemical analysis instrument for separating chemicals in a complex 
sample. A gas chromatograph uses a flow-through narrow tube known as the column, through which 
different chemical constituents of a sample pass in a gas stream (carrier gas, mobile phase) at 
different rates depending on their various chemical and physical properties and their interaction with 
a specific column filling, called the stationary phase. As the chemicals exit the end of the column, 
they are detected and identified electronically. The function of the stationary phase in the column is 
to separate different components, causing each one to exit the column at a different time (retention 
time). Other parameters that can be used to alter the order or time of retention are the carrier gas 
flow rate, column length and the temperature. 

In a GC analysis, a known volume of gaseous or liquid analyte is injected into the "entrance" (head) of 
the column, usually using a microsyringe (or, solid phase microextraction fibers, or a gas source 
switching system). As the carrier gas sweeps the analyte molecules through the column, this motion 
is inhibited by the adsorption of the analyte molecules either onto the column walls or onto packing 
materials in the column. The rate at which the molecules progress along the column depends on the 
strength of adsorption, which in turn depends on the type of molecule and on the stationary phase 
materials. Since each type of molecule has a different rate of progression, the various components of 

http://en.wikipedia.org/wiki/Chromatography
http://en.wikipedia.org/wiki/Analytical_chemistry
http://en.wikipedia.org/wiki/Analytical_chemistry
http://en.wikipedia.org/wiki/Separation_process
http://en.wikipedia.org/wiki/Vaporized
http://en.wikipedia.org/wiki/Chemical_decomposition
http://en.wikipedia.org/wiki/Preparative_chromatography
http://en.wikipedia.org/wiki/Gas_chromatography#cite_note-Pavia-1
http://en.wikipedia.org/wiki/Gas_chromatography#cite_note-Pavia-1
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Inert
http://en.wikipedia.org/wiki/Helium
http://en.wikipedia.org/wiki/Reactivity_(chemistry)
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Glass
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Fractionating_column
http://en.wikipedia.org/wiki/Elution
http://en.wikipedia.org/wiki/Column_chromatography
http://en.wikipedia.org/wiki/High-performance_liquid_chromatography
http://en.wikipedia.org/wiki/Thin_layer_chromatography
http://en.wikipedia.org/wiki/Function_(mathematics)
http://en.wikipedia.org/wiki/Vapor_pressure
http://en.wikipedia.org/wiki/Gas_chromatography#cite_note-Pavia-1
http://en.wikipedia.org/wiki/Fractional_distillation
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Gas_chromatography#cite_note-Pavia-1
http://en.wikipedia.org/wiki/Stationary_phase_(chemistry)
http://en.wikipedia.org/wiki/Analyte
http://en.wikipedia.org/wiki/Syringe
http://en.wikipedia.org/wiki/Adsorption
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Adsorption


the analyte mixture are separated as they progress along the column and reach the end of the 
column at different times (retention time). A detector is used to monitor the outlet stream from the 
column; thus, the time at which each component reaches the outlet and the amount of that 
component can be determined. Generally, substances are identified (qualitatively) by the order in 
which they emerge (elute) from the column and by the retention time of the analyte in the column. 

 

Inlet 

S/SL (split/splitless) injector; a sample is introduced into a heated small chamber via a syringe 
through a septum – the heat facilitates volatilization of the sample and sample matrix. The carrier gas 
then either sweeps the entirety (splitless mode) or a portion (split mode) of the sample into the 
column. In split mode, a part of the sample/carrier gas mixture in the injection chamber is exhausted 
through the split vent. Split injection is preferred when working with samples with high analyte 
concentrations (>0.1%) whereas splitless injection is best suited for trace analysis with low amounts 
of analytes (<0.01%). In splitless mode the split valve opens after a pre-set amount of time to purge 
heavier elements that would otherwise contaminate the system. This pre-set (splitless) time should 
be optimized, the shorter time (e.g., 0.2 min) ensures less tailing but loss in response, the longer time 
(2 min) increases tailing but also signal. 

 

Detectors 

The most commonly used detectors are the flame ionization detector (FID) and the thermal 
conductivity detector (TCD). Both are sensitive to a wide range of components, and both work over a 
wide range of concentrations. While TCDs are essentially universal and can be used to detect any 
component other than the carrier gas (as long as their thermal conductivities are different from that 
of the carrier gas, at detector temperature), FIDs are sensitive primarily to hydrocarbons, and are 
more sensitive to them than TCD. However, a FID cannot detect water. Both detectors are also quite 
robust. Since TCD is non-destructive, it can be operated in-series before a FID (destructive), thus 
providing complementary detection of the same analytes.[3] 

Each detector has two main parts that when used together they serve as transducers to convert the 
detected property changes into an electrical signal that is recorded as a chromatogram. The first part 
of the detector is the sensor which is placed as close the the column exit as possible in order to 
optimize detection. The second is the electronic equipment used to digitize the analog signal so that 
a computer may analyze the acquired chromatogram. The sooner the analog signal is converted into 
a digital signal, the greater the signal-to-noise ratio becomes, as analog signal are easily susceptible 
to many types of interferences.   

 Thermal Conductivity detector (TCD), this common detector relies on the thermal 
conductivity of matter passing around a tungsten -rhenium filament with a current traveling through 
it.[4] In this set up helium or nitrogen serve as the carrier gas because of their relatively high thermal 
conductivity which keep the filament cool and maintain uniform resistivity and electrical efficiency of 
the filament.[5][4] However, when analyte molecules elute from the column, mixed with carrier gas, 
the thermal conductivity decreases and this causes a detector response.[5] The response is due to the 
decreased thermal conductivity causing an increase in filament temperature and resistivity resulting 
in fluctuations in voltage.[4] Detector sensitivity is proportional to filament current while it is inversely 
proportional to the immediate environmental temperature of that detector as well as flow rate of 
the carrier gas.[ 

 hermal conductivity detectors (TCD) were one the earliest detectors developed for use with 
gas chromatography.  The TCD works by measuring the change in carrier gas thermal conductivity 
caused by the presence of the sample, which has a different thermal conductivity from that of the 
carrier gas.  Their design is relatively simple, and consists of an electrically heated source that is 
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maintained at constant power.  The temperature of the source depends upon the thermal 
conductivities of the surrounding gases.  The source is usually a thin wire made of platinum, gold or .  
The resistance within the wire depends upon temperature, which is dependent upon the thermal 
conductivity of the gas.   

 TCDs usually employ two detectors, one of which is used as the reference for the carrier gas 
and the other which monitors the thermal conductivity of the carrier gas and sample mixture.  
Carrier gases such as helium and hydrogen has very high thermal conductivities so the addition of 
even a small amount of sample is readily detected.   

 The advantages of TCDs are the ease and simplicity of use, the devices' broad application to 
inorganic and organic compounds, and the ability of the analyte to be collected after separation and 
detection.  The greatest drawback of the TCD is the low sensitivity of the instrument in relation to 
other detection methods, in addition to flow rate and concentration dependency.  

  

  

  

  

 

 

Flame Ionization detector (FID), in this common detector electrodes are placed adjacent to a flame 

fueled by hydrogen / air near the exit of the column, and when carbon containing compounds exit 

the column they are pyrolyzed by the flame.[5][4] This detector works only for organic / hydrocarbon 

containing compounds due to the ability of the carbons to form cations and electrons upon pyrolysis 

which generates a current between the electrodes.[5][4] The increase in current is translated and 

appears as a peak in a chromatogram. FIDs have low detection limits (a few picograms per second, 
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but they are unable to generate ions from carbonyl containing carbons.[4] FID compatible carrier 

gasses include nitrogen, helium, and argon. 

 It is advantageous to used FID because the detector is unaffected by flow rate, noncombustible 

gases and water.  These properties allow FID high sensitivity and low noise.  The unit is both 

reliable and relatively easy to use.  However, this technique does require flammable gas and also 

destroys the sample.  
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